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Abstract 
Electricity generated from solar energy continues to increase throughout the United States, and several states in the southwestern 
United States are interested in the development of utility-scale solar energy to meet their established renewable energy portfolios. 
Water use by utility-scale solar facilities can be quite significant for some technologies, however, which is problematic 
considering that the best location for solar energy development—the southwestern United States—tends to be an arid 
environment. The goal of this study was to examine the feasibility of using alternative water resources (reclaimed wastewater and 
produced water in this study) to meet water demands for utility-scale solar energy development, focusing specifically on Solar 
Energy Zones (SEZs) and Competitive Renewable Energy Zones (CREZs). Our results indicate that, on average, 100% of the 
projected demand for water at most SEZs and CREZs could be met by reclaimed wastewater if photovoltaics (PV) are installed. 
If concentrating solar power (CSP) is installed, fewer SEZs could meet their potential water demand from alternative sources. 
Only 10 of the CREZs were located near sources of produced water, but of those, 100% of the water demand at the CREZ was 
met in 8 cases, regardless of the technology installed. Overall, the results from this analysis indicate that alternative waters can 
play a prominent role in meeting water demand at solar zones in the arid southwest.  
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1. Introduction 
Electricity generated from solar energy continues to increase throughout the United States. By January of 2012, 
solar electric capacity in the United States reached 4,943 MW, enough to power 775,000 households.[1] In addition, 
all but 13 states have Renewable Portfolio Standards (mandatory) or goals (voluntary) that require or encourage 
utilities to produce or acquire some percentage of their state’s energy from renewable supplies (e.g., solar, wind, 
biomass, and geothermal) by a given year. The Union of Concerned Scientists projected that by 2025, these 
standards will provide support for nearly 77,000 MW of new renewable power.[2]  
Several states in the southwestern United States are interested in the development of utility-scale solar energy to 
meet their established renewable energy portfolios. Utility-scale solar energy is defined as those facilities with 
installed capacities greater than 1 MW. To expedite the development of utility-scale solar energy, a number of 
federal agencies and inter-state groups have identified areas for concentrated solar energy development. For 
example, the Bureau of Land Management’s (BLM’s) Solar Programmatic Environmental Impact Statement (PEIS) 
program identified approximately 285,000 acres (1,153 km2) of land as potentially available for solar energy 
development in 17 Solar Energy Zones (SEZs) in the six-state region, which includes the states of Arizona, 
California, Colorado, Nevada, New Mexico, and Utah. Solar facilities with capacities equal to or greater than 20 
MW were considered for utility-scale development and analyzed in the PEIS.[3] 
In addition to the BLM, the Renewable Energy Transition Initiative (RETI) identified Competitive Renewable 
Energy Zones (CREZs), which are areas of concentrated renewable energy development. Unlike the SEZs, however, 
the CREZs focused on multiple renewable energy resources such as biomass, wind, and geothermal energy in 
addition to solar energy. In California, CREZs were given physical boundaries, and estimates of renewable energy 
capacity were made for each resource.[4]  
Identifying the exact boundaries for these zones involved detailed analyses considering insolation, access to 
transmission, slope of the terrain, and environmental conflicts (e.g., endangered species issues). What was not 
specifically assessed was the means by which these concentrated regions of solar development will both source and 
convey water for use onsite. Furthermore, the water needed at a particular zone will depend heavily on the type of 
technology used. Concentrated solar power (CSP) technologies require water for cooling in the thermoelectric 
power plants, steam cycle make-up water and potable water, as well as water for mirror washing; photovoltaics 
(PV), however, only require water for panel washing. The volumes of water needed to support potable water 
supplies and washing efforts are considered generally small when compared to the cooling load. They can get quite 
large though when scaled to large facilities or when considering the cumulative use for several facilities within a 
desert watershed, where water resources are already scarce. 
The scarcity of surface water and groundwater resources in the southwestern United States coincides with regions 
of greatest solar energy development potential. The first goal of this study was to examine the feasibility of using 
alternative water resources to meet water demands for utility-scale solar energy development, and thus decrease the 
extraction of precious fresh surface or groundwater resources. Alternative waters are already being used for cooling 
in power plants in a number of states in the six-state southwest area, but simply having alternative water sources 
available will not be enough to ensure that they are used at solar zones rather than fresh surface or groundwater. The 
alternative water sources must also have favorable economics to make them feasible for utility-scale solar energy 
facilities. Several cost factors need to be considered when sourcing alternative waters, such as conveyance and 
treatment costs.  
The second goal of this analysis was to estimate the economic costs of conveying and treating alternative water 
sources for beneficial reuse at designated solar zones (17 SEZs and 21 CREZs) in the six-state area. Specific 
objectives include:  
x Calculating potential water demand at each solar zone given a full build-out under three assumed technological 
scenarios: CSP wet-cooled (high water demand scenario), CSP dry-cooled (medium water demand scenario), and 
PV (low water demand scenario).  
x Quantifying the amount of each type of alternative water that is available for reuse within a 50-mile (80-km) 
buffer of each solar zone.  
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x Estimating the pipeline and treatment (when applicable) costs associated with sourcing the alternative water for 
beneficial reuse at solar zones.  
x Identifying which alternative water source is the least-cost option for each solar zone based on the results from 
objective  
2. Methods 
In general, the location and quantity of available alternative water were compared with the predicted water 
demand at each solar zone to estimate costs. The analyses for each alternative water type varied based on the 
available datasets and are described below in detail.  
Municipal wastewater plant locations and effluent volumes were obtained from the U.S. Environmental 
Protection Agency (EPA) National Pollutant Discharge Elimination System (NPDES) online permit databases for 
the six-state study area.[5,6] Produced waters from oil and gas operations are primarily clustered in discrete 
geological pockets within the southwestern United States, but data regarding the available amount of produced water 
sources were limited to California in this analysis. Information on oil and gas wells, along with associated produced 
water volumes for California, were obtained from the Division of Oil, Gas and Geothermal Resources (DOGGR) of 
the State of California Department of Conservation.[7] Figure 1 is a map of the SEZs, CREZs, wastewater treatment 
plants (WWTPs), and produced water wells used in this analysis.  
A 50-mile (80-km) buffer was established for each solar zone to set a spatial limit for a proximity analysis for 
alternative water sources. Conveyance pipelines that are greater than 50 miles (80 km) may be feasible for 
individual projects, but a 50-mile (80-km) limit was considered for this regional-scale analysis. For comparison, 
other studies have used 10-mile (16-km) and 25-mile (40-km) buffers for examining reclaimed wastewater use for 
thermoelectric plants.[8,9] The 50-mile (80-km) buffer was calculated from the boundary of the solar zone using the 
buffer tool in ArcGIS. 
 All of the SEZs in Arizona, California, Colorado, and New Mexico have one or more WWTPs within 50 miles 
(80 km), and most of them have a mean flow rate greater than 1,000 m3/day (0.264 million gallons per day). None of 
the WWTPs are within 50 miles (80 km) of the three SEZs in Utah. Dry Lake is the only SEZ in Nevada with at 
least one WWTP within 50 miles (80 km). Many of the CREZs are within 50 miles (80 km) of one or more WWTPs 
that have a mean flow rate greater than 1,000 m3/day (0.264 million gallons per day).  
Fig 1. Locations of SEZs and CREZs within the six-state southwest area. The locations of the WWTPs that are within the 50-mile  (80-km) buffer 
of the SEZs or CREZs, and the locations of all the produced water wells in the six-state southwest area are also included. 
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There are 14 major oil and gas producing basins in the western United States with a total amount of produced 
water ranging from 28 to 316 million gallons per day ( 0.1 to 1.2 million m3 per day)[10]. Unfortunately, much of 
the produced water, save for some CREZs in California, is located more than 50 miles (80 km) away from the solar 
zones (Figure1). 
The available amounts of alternative water sources were also considered with respect to competing uses. For 
reclaimed wastewater, it was assumed that not all of the effluent from the WWTP could be directed for reuse 
(i.e., water needed to maintain flows in receiving waters or other previously existing reuse purposes). To account for 
this and knowing that the six-state area already has high levels of beneficial reuse, we assumed that only 10% of the 
effluent from a WWTP could be allocated to the solar zones. For produced water sources, Veil et al. [11] estimated 
that roughly 65% of the produced water is injected back into the ground to maintain pressure. Given that 
information, we assumed that 35% of the produced water volume was available for reuse at the solar zones.  
2.1. Estimating potential water demand for solar zones 
Water demand values for solar zones were based on estimates of installed power generation capacity in 
megawatts (MW), assuming full build-out scenarios of wet-cooled (recirculating) CSP (high demand scenario), 
dry-cooled CSP (medium demand scenario), and PV (low demand scenario) technologies. The water use estimates 
are for operation (does not include construction water uses) of utility-scale solar facilities that include water for 
potable water supply, mirror and panel washing, dust control, and cooling (where applicable), and were taken from 
the Solar PEIS.[12] The full build-out scenarios for each technology were based on spacing requirements calculated 
in the Solar PEIS. According to that work, CSP technologies require 5 acres (0.02 km2) per MW of installed 
capacity while PV requires 9 acres (0.04 km2) per MW.  
The installed capacity estimates for CREZs in the RETI report include values for wind, biomass, geothermal, and 
solar.[13] The solar component included values specific to CSP technologies. Since this report did not provide a 
separate estimate detailing the potential capacity if PV were installed, we used the CSP power capacity estimates for 
both PV and CSP. In contrast, the Solar PEIS project detailed the projected installed capacity estimates for SEZs by 
technology.[12] As previously stated, according to the Solar PEIS, PV requires 9 acres (0.04 km2) per MW of 
capacity while CSP requires 5 acres (0.02 km2). This difference in land intensity means that the estimates of water 
demand in each SEZ are higher for CSP, not only because the total water use per MW is higher, but also because 
there can be more MW installed in an SEZ, and thus more water consumed when CSP is utilized. 
2.2. Estimating monetary costs of using alternative water sources 
The major costs considered in this analysis are (1) the construction and O&M costs associated with pipelines and 
(2) the construction and O&M costs associated with water treatment. Treatment costs apply only to produced water 
in this model.  
The construction cost of pipelines was derived from estimates provided in the South Central Texas Regional 
Water Plan  and the National Academy of Sciences report on water reuse.[14,15] These water plans tabulated 
pipeline costs based on pipe diameters, soil type, and environment (rural or urban). For this analysis, the median 
value of pipeline costs for three different pipeline diameters was calculated, resulting in the following values: 
$327,360 per mile ($204,600 per km) for a pipe with a diameter of 1 foot (0.3 m), $1,077,120 per mile ($673,200 
per km) for a pipe with a diameter of 3 feet (0.9 m), and $2,291,520 per mile ($1,432,200 per km) for a pipe with a 
diameter of 5 feet (1.5 m).  
A full routing analysis of the pipeline from the source of alternative water to the solar zone that considered 
existing rights-of-way and protected areas was beyond the scope of this analysis. As a result, we calculated the 
distance from the solar zones to the source of alternative water by assuming a straight line path beginning at the 
source of alternative water and ending at the centroid of the solar zone. In some cases, the actual distance between 
the solar zone and the alternative water source was greater than 50 miles (80 km). This is because the 50-mile (80-
km) buffer was calculated from the boundary of the solar zone, while the distance was calculated from the centroid 
of the solar zone. In most solar zones, the distance from the centroid to the boundary is many miles, and it is this 
extra distance that causes the total pipeline distance to exceed 50 miles (80 km) in some cases.  
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The total cost for pipeline construction was estimated by multiplying the distance from the centroid of the solar 
zone to the alternative water source by the pipe cost per mile. The appropriate cost per mile (km) is determined by 
comparing the water demand at the solar zone under each scenario to the maximum allowable flows per pipeline 
diameter. The maximum allowable flow for each pipeline diameter is 2,583 acre-feet per year (AFY) (3.2 million m3 
per year) for a 1-foot (0.3 m) pipe, 24,211 AFY (30 million m3 per year) for a 3-foot (0.9 m) pipe, and 69,405 AFY 
(86 million m3 per year) for a 5-foot (1.5 m) pipe, assuming a maximum pressure of 150 psi and a flow rate of 5 feet 
(1.5 m) per second. 
Annual pipeline O&M costs were estimated as 1% of the total construction costs and include the costs of labor 
and material required to operate the facility and provide regular repair and/or replacement of equipment.[14] We 
also assumed a 20-year life span for the pipelines and did not discount future costs. To calculate the total O&M 
costs, we multiplied the construction costs by 1% and then multiplied that value by 20 to get the lifetime O&M 
costs. 
The treatment costs for produced water sources were estimated based on case studies summarized by the 
California Energy Commission (CEC) and Burnett and Siddiqui.[16,17] The capital cost of building a water 
treatment facility for produced water was $5,398 per AFY ($4.37 per m3 per year) of water treated.[17] This value 
was simply multiplied by the water demand at each solar zone for each water demand scenario to obtain the total 
cost of water treatment. Both the CEC and Burnett and Siddiqui provide a range of estimates for O&M costs, 
including $1,105 per AF ($0.90 per m3), $1,466 per AF ($1.19 per m3), and $2,672 per AF ($2.16 per m3).[16,17] 
The average value of these three, $2,069 per AF ($1.68 per m3), was used in this analysis to represent O&M costs 
for water treatment. 
  
3. Results 
 
The results of these analyses indicate that sourcing water from alternative water resources could play a large role 
in meeting the water demand at solar zones in the six-state southwest area. For example, 10 of the 17 SEZs have 
WWTPs within the buffer zone, and 18 of the 21 CREZs have either WWTPs or produced water wells within the 
buffer zone. Depending on the technology installed, these sources of alternative water could potentially satisfy all of 
the water demand within many solar zones. The following sections summarize the results of each analysis. Because 
of space restrictions, a detailed tabulation of the results at each solar zone for all the analyses could not be included 
here. Those results will be published in a forthcoming DOE report.  
3.1. Water demand at SEZs and CREZs 
Table 1 shows the CSP wet-cooled, CSP dry-cooled, and PV water demand estimates for each SEZ and CREZ 
analyzed in this study. Water demand varies over four orders of magnitude, with a maximum value of 118,660 AFY 
(146 million m3 per year), which represents a full build-out of wet-cooled CSP facilities at the Riverside East SEZ in 
California. The minimum value was 5 AFY (6,170 m3 per year), which represents a full build-out of PV at the De 
Tilla Gulch SEZ in Colorado. The range in these values is due mainly to two factors: (1) the size of the solar zone 
and therefore the potential installed capacity of the zone, and (2) the difference in the amount of water consumed by 
each technology.  
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        Table 1. Operational water demand estimates for full build-out scenarios at SEZs and CREZs within the six-state study area. 
SEZ or 
CREZ Name 
High Demand 
CSP Wet-cooled 
(AFY)a 
Medium Demand 
CSP Dry-cooled 
(AFY) 
Low Demand 
PV 
(AFY) 
SEZ Brenda (AZ) 2,687 382 15 
SEZ Gillespie (AZ) 2,100 299 12 
SEZ Imperial East (CA) 4,586 653 26 
SEZ Riverside East (CA) 118,660 16,898 671 
SEZ Antonito Southeast (CO) 7,791 1,110 44 
SEZ De Tilla Gulch (CO) 854 122 5 
SEZ Fourmile East (CO) 2,312 329 13 
SEZ Los Mogotes East (CO) 2,126 303 12 
SEZ Amargosa Valley (NV) 6,802 969 38 
SEZ Dry Lake (NV) 4,586 653 26 
SEZ Dry Lake Valley North (NV) 20,111 2,864 114 
SEZ Gold Point (NV) 3,687 525 21 
SEZ Millers (NV) 13,264 1,889 75 
SEZ Afton (NM) 24,038 3,423 136 
SEZ Escalante Valley (UT) 5,257 749 30 
SEZ Milford Flats South (UT) 5,016 714 28 
SEZ Wah Wah Valley (UT) 4,712 671 27 
CREZ Barstow (CA) 7,020 980 71 
CREZ Carrizo North (CA) 8,022 1,120 82 
CREZ Carrizo South (CA) 15,042 2,100 153 
CREZ Cuyama (CA) 2,006 280 20 
CREZ Fairmont (CA) 9,025 1,260 92 
CREZ Imperial East 7,521 1,050 77 
CREZ Imperial North-B (CA) 9,025 1,260 92 
CREZ Imperial South (CA) 17,900 2,499 182 
CREZ Inyokern (CA) 10,755 1,502 109 
CREZ Iron Mountain (CA) 24,067 3,360 245 
CREZ Kramer (CA) 31,012 4,330 315 
CREZ Mountain Pass (CA) 3,911 546 40 
CREZ Owens Valley (CA) 25,070 3,500 255 
CREZ Pisgah (CA) 11,031 1,540 112 
CREZ Riverside East (CA) 52,898 7,385 538 
CREZ San Bernardino-Baker (CA) 16,797 2,345 171 
CREZ San Bernardino-Lucerne (CA) 7,722 1,078 79 
CREZ Tehachapi (CA) 36,076 5,037 367 
CREZ Twentynine Palms (CA) 9,050 1,264 92 
CREZ Victorville (CA) 6,017 840 61 
CREZ Westlands (CA) 25,070 3,500 255 
    
a  To convert ac-ft to m3, multiply by 1,234 
3.2. Sourcing water from WWTPs for beneficial reuse at solar zones 
Ten of the SEZs and 16 of the CREZs have at least 1 WWTP within the 50-mile (80-km) buffer zone used in this 
analysis. Of these SEZs and CREZs, 45% of the water demand in the CSP wet-cooled scenario, 81% of the demand 
in the CSP dry-cooled scenario, and 100% of the demand in the PV scenario can be met by allocating just 10% of 
the effluent from the WWTPs. For the CSP wet-cooled scenario, the percentage of demand met by WWTPs ranges 
from 0% to 100% (Table 2). The percentage of demand met in the dry-cooled scenario ranged from 3% to 100%. 
The Iron Mountain CREZ represents the lowest amount of demand met in each category because there is only one 
small WWTP located within the buffer zone. All of the water demand (i.e. 100%) was met at 6 zones in the CSP 
wet-cooled scenario, at 17 zones in the dry-cooled scenario, and at 25 zones in the PV scenario. Seven of the SEZs 
and 5 of the CREZs did not have WWTPs within the 50-mile (80-km) buffer zone. These facilities without WWTPs 
within the 50-mile (80-km) buffer zone are included in Table 2 (with dashes), but were excluded from the 
calculation of averages reported herein.  
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                  Table 2. Percentage of water demand met from WWTPs within the 50-mile (80-km) buffer.  
Percentage of Water Demand Met from WWTPsa,b 
SEZ or 
CREZ Name 
High Demand  Medium Demand  Low Demand  
CSP Wet-cooled  CSP Dry-cooled PV 
SEZ Brenda (AZ) 3% 24% 100% 
SEZ Gillespie (AZ) 100% 100% 100% 
SEZ Imperial East (CA) 88% 100% 100% 
SEZ Riverside East (CA) 3% 19% 100% 
SEZ Antonito Southeast (CO) 7% 51% 100% 
SEZ De Tilla Gulch (CO) 48% 100% 100% 
SEZ Fourmile East (CO) 16% 100% 100% 
SEZ Los Mogotes East (CO) 20% 100% 100% 
SEZ Amargosa Valley (NV) – – – 
SEZ Dry Lake (NV) 100% 100% 100% 
SEZ Dry Lake Valley North (NV) – – – 
SEZ Gold Point (NV) – – – 
SEZ Millers (NV) – – – 
SEZ Afton (NM) 5% 36% 100% 
SEZ Escalante Valley (UT) – – – 
SEZ Milford Flats South (UT) – – – 
SEZ Wah Wah Valley (UT) – – – 
CREZ Barstow (CA) 15% 100% 100% 
CREZ Carrizo North (CA) 11% 78% 100% 
CREZ Carrizo South (CA) 6% 42% 100% 
CREZ Cuyama (CA) 62% 100% 100% 
CREZ Fairmont (CA) 100% 100% 100% 
CREZ Imperial East 54% 100% 100% 
CREZ Imperial North-B (CA) 74% 100% 100% 
CREZ Imperial South (CA) 24% 100% 100% 
CREZ Inyokern (CA) – – – 
CREZ Iron Mountain (CA) 0% 3% 37% 
CREZ Kramer (CA) 3% 24% 100% 
CREZ Mountain Pass (CA) 100% 100% 100% 
CREZ Owens Valley (CA) – – – 
CREZ Pisgah (CA) – – – 
CREZ Riverside East (CA) 6% 44% 100% 
CREZ San Bernardino-Baker (CA) – – – 
CREZ San Bernardino-Lucerne (CA) 100% 100% 100% 
CREZ Tehachapi (CA) 33% 100% 100% 
CREZ Twentynine Palms (CA) 38% 100% 100% 
CREZ Victorville (CA) 100% 100% 100% 
CREZ Westlands (CA) – – – 
  Average 45% 81% 100% 
a Assumes that 10% of the effluent from WWTPs can be allocated to SEZs or CREZs. 
b Dashes indicate SEZs and CREZs for which there were no WWTPs within the 50-mile (80-km) buffer. 
3.3. Sourcing produced water for beneficial reuse at solar zones 
Only 10 CREZs had produced water within the buffer zone, and of these, 100% of the water demand was met in 
almost all scenarios (Table 3). Barstow, Kramer, and San Bernardino-Baker have only 1, 6, and 1 produced water 
well(s) within the buffer zone, respectively, and therefore do not meet 100% of the demand for water in the CSP 
wet-cooled (high demand) scenario. In addition, only 70% of the water demand in the CSP dry-cooled (medium 
demand) scenario is met in the San Bernardino-Baker CREZ. That said, 100% of the water demand at all of these 
10 CREZs was met in the PV scenario, and, aside from the aforementioned three zones, 100% of the water demand 
was met at all other CREZs for all technology options.  
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Table 3. Summary information describing the percentage of water demand at each CREZ that could be met by sourcing produced water from 
within the buffer zone. 
CREZ 
Available 
Produced 
Water (AFY) 
Water Demand by Technology (AFY)a % of Demand met by Produced Water 
High Demand  
Medium 
Demand  Low 
Demand 
PV 
High Demand  
Medium 
Demand  Low 
Demand 
PV 
CSP Wet-
cooled  
CSP Dry-
cooled 
CSP Wet-
cooled  
CSP Dry-
cooled 
Barstow 1,643 7,020 980 71 23% 100% 100% 
Carrizo North 14,171,378 8,022 1,120 82 100% 100% 100% 
Carrizo South 19,952,112 15,042 2,100 153 100% 100% 100% 
Cuyama 17,827,231 2,006 280 20 100% 100% 100% 
Fairmont 11,743,137 9,025 1,260 92 100% 100% 100% 
Inyokern 9,409,669 10,755 1,502 109 100% 100% 100% 
Kramer 8,052 31,012 4,330 315 26% 100% 100% 
San Bernardino 
-Baker 1,643 16,797 2,345 171 10% 70% 100% 
San Bernardino 
-Lucerne 1,324,918 7,722 1,078 79 100% 100% 100% 
Tehachapi 1,4584,717 36,076 5,037 367 100% 100% 100% 
        
a  To convert ac-ft to m3, multiply by 1,234 
3.4. Cost of supplying alternative water resources at solar zones 
3.4.1. Cost of sourcing water from WWTPs 
Total costs associated with sourcing water from WWTPs ranged from $76 million on average (standard deviation 
[S.D.] = $54 million) for the wet-cooled CSP scenario to $21 million for the PV scenario (S.D. = $6 million) 
(Table 4). Pipeline construction is the dominant cost when sourcing water from WWTPs.  
 
Table 4. Construction and O&M costs for each scenario calculated as averages across all solar zones that had WWTPs within 
the 50-mile (80-km) buffer zone.  
 
Scenario (Technology) 
Construction Cost O&M Cost  Total Costs  
Average S.D. Average S.D. Average S.D. 
(Millions $) 
High Demand Scenario 
(Wet-cooled CSP) 63 45 13 9 76 54 
Medium Demand Scenario 
(Dry-cooled CSP) 30 25 6 5 36 30 
Low Demand Scenario (PV) 18 5 4 1 21 6 
 
3.4.2. Cost of sourcing produced water 
 
Total costs for sourcing produced water at solar zones ranged from $189 million on average for the CSP 
wet-cooled scenario to $20 million for the PV scenario (Table 5). The produced water costs within the wet-cooled 
scenario are much larger than those for WWTPs because produced water requires treatment. For example, the 
construction costs for the treatment plant required for wet-cooled technologies would be $30 million on average, 
whereas that for PV would be $0.3 million on average. As was the case with WWTPs, pipeline construction 
continues to be the largest cost category when sourcing water from either WWTPs or produced water wells, which 
indicates that most of the WWTPs and produced water wells are located many miles away from the actual solar 
zones.  
  
 D.J. Murphy et al. /  Energy Procedia  49 ( 2014 )  2501 – 2511 2509
Table 5. Construction and O&M costs for each scenario calculated as averages across all SEZs and CREZs that had produced water wells 
within the 50-mile (80-km) buffer zone.  
High Demand  Medium Demand  Low Demand  
CSP Wet-cooled  CSP Dry-cooled PV 
Cost Category 
Average S.D. Average S.D. Average S.D. 
(Millions $) 
Pipeline Costs Construction 62 33 23 17 16 4 
O&M 12 7 5 3 3 1 
Sub-Total 75 40 28 20 19 5 
Water Treatment Costs  Construction 85 65 4 3 0.3 0.2 
O&M 30 23 4 3 0.3 0.2 
Sub-Total 115 88 8 6 0.6 0.5 
Total Costs 189 123 36 26 20 5 
 
3.5. Identifying the least-cost alternative water source for each solar zone 
Effluent from WWTPs is the least-cost option for all 10 of the SEZs that had WWTPs within the buffer zone 
(Table 6). Produced water was not considered an option for SEZs because none of the produced water wells 
examined in this study fell within the buffer zone.  
The situation is different for the CREZs; 18 CREZs had at least one alternative water source within the buffer 
zone, and 8 had both. In the CSP wet-cooled scenario, the least-cost option for alternative water for 16 CREZs was 
water from WWTPs, while produced water was the least-cost option for 2 CREZs. For the 2 CREZs where produced 
water was the least-cost option, it was also the only option as there were no WWTPs within the buffer zone. For 
both the CSP medium and PV low demand scenarios, water from WWTPs represented the least-cost option for 11 
CREZs, while produced water was the least-cost option for 7 CREZs.   
For some of the CREZs, the least-cost option switched from the WWTP to produced water in the CSP medium 
and PV low demand scenarios because the produced water wells were located closer to the CREZs than the 
WWTPs, resulting in lower total costs. In the CSP high demand scenario, however, the least-cost option for these 
CREZs was still the WWTPs because the large volume of water required by this technology led to very large 
treatment costs.  
 
Table  6. Number of SEZs and CREZs for which either reclaimed wastewater or produced water was the least-cost alternative water 
source, listed by demand scenario. The category lists those SEZs and CREZs for which there are no WWTPs or produced water wells 
within the 50-mile (80-km) buffer zone.  
Alternative Water Source 
High Demand  Medium Demand  Low Demand  
CSP Wet-cooled  CSP Dry-cooled PV 
SEZs CREZs SEZs CREZs SEZs CREZs 
Reclaimed Wastewater 
(WWTP) 10 16 10 11 10 11 
Produced Water 0 2 0 7 0 7 
Neither 7 3 7 3 7 3 
 
4. Discussion 
The analysis and results presented in this paper are not intended to provide exact or comprehensive estimations of 
the total costs related to sourcing alternative waters for solar zones. Rather, these results should be thought of as 
ballpark estimates, and they should provide a foundation on which to build larger, more comprehensive analyses. 
However, there are a few specific considerations to make when interpreting these results.  
 
x Water demand is primarily technology dependent. As a result, CSP wet-cooled technologies should be promoted 
in areas with ample alternative water resources.  
x The volume of produced water available for beneficial reuse was often many times greater than the actual amount 
demanded at the CREZ, indicating that this is, from a resource perspective, potentially useful for CSP wet-cooled 
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technologies. The issue with using this source of water is that it requires treatment, which can add considerably to 
the overall cost of water.  
x Although our analysis includes a scenario in which all of the solar installations at each zone would be exclusively 
CSP wet-cooled, the probability that this situation would actually occur is very low. This scenario, therefore, 
should be considered an upper-bound on water demand for each site. 
x We assumed that only 10% of the effluent from each WWTP could be repurposed at the energy zones. A more 
precise estimate, which could only be gained by contacting individual WWTPs (and was therefore beyond the 
scope of this project), may reveal actual effluent availability to be much different. If effluent availability is higher 
than we assumed, then the percentage of water demand met by effluent from WWTPs in each scenario would 
also increase, and vice versa.  
5. Conclusion 
Using alternative water resources to meet water demand at solar zones is an obvious choice in the desert 
southwestern United States. This preliminary analysis indicates that alternative water resources are available in the 
surrounding regions of the solar zones and that depending on the technology adopted in a particular zone, much of 
the water demand could be met from these alternative resources. The cost associated with simply conveying and 
treating these water sources is highly variable. Constructing pipelines to convey water from its source to the solar 
zone was, in most cases, the largest cost factor considered in this analysis, although the cost of treating produced 
water in CSP wet-cooled facilities was greater in some cases. 
This analysis was not meant to encompass all costs associated with sourcing alternative water. Rather, it was 
intended to give a glimpse at what the costs might look like on an order of magnitude scale and to provide 
foundational data on which to build larger, more comprehensive estimates. The next logical step for this work would 
be to perform these analyses for each solar zone, contacting local WWTPs and oil and gas companies to see what 
the actual opportunities are for reusing alternative waters.  
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